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Abstract 
Objecrive-To see whether change'in weight was a 
more useful index than weight for age in assessing 
the risk of dying among malnourished children. 
Design-Prospective cohort study. 
Serring-Rural community in Bangladesh being 
served by international health orgahisation. 
Parricipants-1011 Children aged under 5, of 
whom 66 died. 
End point-Efficient screening method for 
identifying malnourished children at risk of dying. 
Memuremens and main results-Weight was 
measured every month. Weight for age and monthly 
change in weight averaged over one and three 
months were calculated. Sensitivity and specificity 
curves were used to compare the values of these two 
variables in identifying children with a high risk of 
dying. Weight for age was more sensitive than 
change in weight at all levels of specificity. Changes 
in weight, however, were independently related to 
the risk of dying even when intercurrent diseases and 
low weight for age were taken into account. 
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Conclusions-For identifying children with a high 
risk of dying weight for age is a more efficient 
screening tool than a recent change in weight. 
Growth monitoring as currently recommended for 
primary health care programmes in developing 
countries does not seem to be the most effective 
approach in identifying children in need of urgent 
help. 
Introduction 
Growth monitoring is a key component of primary 
health care programmes aimed at tiringing about a 
"child survival revolution" in the corning years.' The 
rationale for growth monitoring is that most mothers of 
malnourished children do not know that anything is 
wrong and that recognising abnormal growth will 
prompt them to take action to prevent their child's 
death.' Though never stated explicitly, the concept 
underlying this approach is that children with low.  
weight gain as detected by regular weighing are 
thought to be more at risk than those who are severely 
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underweight and whose condition is therefore readily 
apparent to mothers. This assumption is reflected in 
the training of nutrition workers at the primary health 
care level by the emphasis put on the direction of the 
growth curves as compared with attained weight.l.* To 
our knowledge, however, this hypothesis has never 
been validated, and we have therefore attempted to test 
it in a group of children aged under 5 from rural 
Bangladesh. 
Subjects and methods 
Data used for this analysis were collected during a 
study of the impact of rice based oral rehydration 
solutions on the nutritional state of children under 5.' 
The study area, straddling the Chandpur-Comilia 
highwayj is located in the deltaic plain of Bangladesh, 
near the Meghna river, 70 km from Dhaka. This is a 
rural community which has been under demographic 
surveillance since 1979. Growing rice, wheat, and 
jute is the main eConomic activity. The area was 
equally divided into three cells receiving different oral 
rehydration treatments for diarrhoea. The three cells 
were pooled for this analysis. 
Data collection took place from October 1983 to 
October 1985. A total of 1011 children aged less than 
36 months at the beginning of the study were included. 
The oldest children were aged 59 months or less at the 
end of the study. All children. were weighed every 
month with. portable spring scales (Salter, United 
Kingdom), which were read to the nearest 50 g and 
checked regularly with standard weights. Readings 
were always made at around the same time of day to 
minimise the effect of diurnal variations. Fieldworkers 
collected information about morbidity weekly and 
referred sick children to the project physician (A Bari) 
based in Chandpur. Diarrhoea was defined as the 
presence of three or more loose motions within 
24 hours and acute respiratory infection as the 
simultaneous presence of two of the following: runny 
nose, cough, fever, and difficulty breathing. Tibial 
oedema was looked for by digital pressure over the 
tibia. 
This analysis was made by using child months; a 
child was considered as a survivor if alive at the next 
visit and entered as a new child for the following 
month. In order to compare the relevance of changes in 
weight over different periods of time only intervals 
which were preceded by two weighings, one at one 
month and the other at three months before the 
beginning of the interval, were included in the 
analysis. This excluded most children below 6 months 
of age, mothers in this culture being reluctant to show 
young infants to outsiders. Intervals with complete 
idormation on recent weight gain represented 92% of 
the total. 
Weight for age was calculated as the percentage of 
the median of standards recorded by the National 
Center for Health Statistics.1o 'I Variations in weight 
and weight for age were adjusted by using the exact 
number of days between two visits to estimate the 
average monthly changes in weight over one and three 
months. Mean variations in weight were calculated to 
the nearest 10 g with the assumption that averaging 
increased. the precision of the results.12 Differences 
between means were tested with a two tailed i test with. 
separate estimates of variance.'* Relative risks were 
calculated with Miettinen test based confidence 
intervals.!' For each indicator sensitivity was defined 
for any cut off point as the proportion of children who 
died and who were below that cut off point at the last 
examination. Specificity was defined as the proportion 
of children who survived and who were above it." 
Curves were drawn for each indicator by plotting the 
sensitivity and specificity calculated for a wide range of 
possible cut, off points. The performance of different 
indicators of nutritional state in assessing the risk of 
dying was evaluated by using these, curves to compare 
their sensitivity for the same specificity level." 
normalised distances (differences expressed in terms 
of standard deviation (SD) units) between means 
for children who survived and those who died 
were calculated for each nutritional indicator." Is 
Normalised distances were compared by the Zda test, 
as described by Brownie et al.16 This statistic, with a 
normal distribution, may be used to test whether one 
indicator is significantly more different than another 
between two groups of subjects.I6 For multivariate 
analysis logistic regression was performed by using the 
statistical analysis system program." Significance of 
different risk factors was estimated by comparing the 
log likelihood statistic (-2 log likelihood ratio) of 
different logistic models.'-' The predictive ability of 
different models was assessed by the c statistic. This 
statistic, which may vary from O to 1, measures the 
degree of agreement between the observed outcome 
and the outcome predicted by a logistic model." 
Maximum sum of sensitivity and specificity and . 
' 
Results 
Of a total of 20520 child months available for 
analysis, 66 ended with a non-accidental death 
and 20454 did not. Mean age at examination was 
31 months (SD 12) among children who survived 
and 25 months (SD 9, range 6-43) among those who 
died (pt0.001). There was no clear seasonal pattern 
of deaths. 
Weight for age, weight gain over one and three 
months, and variations of weight for age were all 
significantly different between the two groups (table I). 
Sensitivity and specificity curves of these different 
indicators showed that weight for age was superior to 
change in weight or variations in weight for age 
in assessing the risk of dying within the next month 
(figs 1 and 2). The maximum sum of sensitivity and 
specificity and normalised distance were greater for 
weight for age than for other indicators based on 
changes in nutritional state. When assessed with the 
Zda test the normalised distance between means of 
children who died and survived was found to be 
significantly greater for weight for age than for all 
other indices examined, with the exception of weight 
changes in the preceding three months (table I). 
TABLE I- Weigh1 for age, weighr change, and varialions in weight for age of children who died and rhose who survived 
survived Died Nomaliscd Maximum sum of 
( m m  (SDI) (mean (SD)) distancet sensitivity and specificity 
Variable (Noof child months=20454) (Noofchild months=66) (%) Zd.$ 
Weigh! for age (O,) 706 (9.5) 52.5 (12-6) 1.618 161.5 - 
Weight change in previous month (g) 120 (320) -180(440) 0799 142.0 4-0" 
Wcight change in previous 3 months (9) 130(160) -140(240) 1.304 154,3 14(NS)  
Weight for age change in previous month (%) -0.16 (2.78) -2.37 (3.65) 0683 135.6 3.2"* 
Wcight foragechange in previous 3 months (%) -0-16 (1.42) -2.16 (2.01) 1.147 147.7 2.1' 
+All differences bctwccn children who survived and died highly significant. 
$Comparison of normalised distance bciwccn IWO groups with weigh! f w  age. 
*0<0'05. "n<@Oi 
Children who lost weight in the previous months 
were more likely to have a lower weight for age than 
those who gained weight. This suggests that the 
relation between weight loss and risk of dying may be 
due to the low weight for age resulting from weight 
loss and not from weight loss itself. Moreover, sick 
children lose weight (table 11). As sick children had a 
higher risk of dying (table III), this may also.partly 
explain the relation between weight loss and risk of 
dying. 
To  test whether weight loss was associated with a 
higher risk of dying even when adjusted for final 
weight for age and concurrent diseases the relation 
between these different risk factors was examined by 
logistic regression analysis (table IV). Weight for age 
was transformed into a dichotomous variable, 60% of 
weight for age (the usual limit of severe malnutrition) 
being taken as a cut off point.t8 The association of risk 
of dying with weight loss was still highly significant 
even when low weight for age and morbidity variables 
were included in these models. The relative risk 
associated with weight loss and low weight for age did 
not change substantidy when children were divided 
into different age categories, when sex was taken into 
account, or when children who had diarrhoea were 
excluded from the analysis. N o  signifìcant interaction 
was found between low weight for age and weight loss 
in models already including morbidity information. 
There was also no significant interaction between 
weight loss and age category. 
To determine to what extent weight loss would 
improve a screening scheme already including low 
weight for age the sensitivities and specificities of 
different associations of risk factors were calculated. 
Associating two risk factors by an "or" relation 
increased the sensitivity but decreased the specificity, 
and associations with an "and" relation had an opposite 
TABLE rt-Ef/ecr of selected diseases a m i h b  weight change 
Discase present Discaseabsent 
(mean (SDI) (mean (SDI) I 
Diarrhoea: 
Weight change in previous month (g) 10 (330) I70 (310) 32.2*** 
Weight change in previous month (9) -320 (520) 130(310) 12.8**' 
Weight change in previous 3 months (gH -40 (200) 130(160) 12-3*** 
Weight change in previous month (9) 60 (350) 130(320) . 6.1*** 
Weight change in previous month (g) 70 (370) 120 (320) 1.2 (NS) 
Weight change in previous 3 mnths(gH 40(1W 130(160) 3.2** 
Weight change in previous 3 months (g)l: 90 (160) 140(160) 22-1*** 
hkasla: 
Respiratory inloctions: 
OCdOna: 
Weight change in previous 3 months (gH 90 (160) 130 (160) 7.3*** 
*Weight changa over previous three monthsaveraged on one month. 
**p<0-01. ***pcomoi. 
TABLE m-Relarive risk of dying associared with d5fferenr risk factors, expressed as  relorive risk ofdeath 
within a m a t h  for children who had risk factor in mmrh preceding intervinv 
Risk factor Risk factor Rclative risk 
present absent (9S% confidence inferval) 
Weight for age 40%: 
18 031 22} 14-5 (9.8 to21-3) Noofchild months 2 489 No of da ths  44 
Weight loss in previous month: 
5.8 (3.6 in 9.0) 
zo} 11-1 (7-3 to 16-7) 
Noof child months 5 !o9 15 211 
No of deaths 44 221 
Noofdaths 17 491 
5 61 I 
Wcight loss in previous 3 months: 
17 191 No of child months 3 329 
Noof da ths  46 
Diarrhoea: 
0.8 ( O 4  to 1.3) No of child months 6 359 14 161 
hlaslcr: 
7.5 (3.4 10 16.2) Noofchild months 223 20 297 No of da ths  
No of child months I 118 19 4021 
No of daths  
Respiratory infrcrions: 
2.4 (1.2 104-9) 
E 58 I 
oedema: 
No of child months 
Noolde ths  53.1 (37.1 to 76.0) 
77 20 4431 
II 55 I 
TABLE Iv--Risk of dyittgsmot$ed bv dvfment rÙ& facron as desm'bed 
by miilrivanare logisru r e p s &  modeh 
Variable Odds ratio 95% Confidence interval 
14.7 
Model I: 
8 8  to 2 4 . W  Weight forage ~ 6 0 %  
-2 Log likelihood statistic: 781.5, c=0.774 
Model 2: 
7-2 to 202** 
Weight loss in previous mon& s 4.3 2-5 to 7-2** 
Weight forage C60% I20 
-2 Lag likelihood statistic: 7490, c=0.821 , 
Model 3: 
6 9  to 19.9" 
I.2tO 5-9** 
1.910 1 4 . P  
11-7 
2-7 
Weight for age <60% 
Respiratory infections 
Ocdana 30.7 14-3 ro66.0** 
Measles 5.1 
Weight loss in previous month 3-7 2.1 IO 63** 
M a s l s  3.7 
-2 Log likelihood statistic: 722.9, c=O-831 
Modcl 4: 
9 7  5.7 to 16.6** Weight for age <WA 
OCdOna 26.8 12.2 to 59.2- 
Respiratory infections 
2.1to 6 3 *  
I 4 l O  5.0* 2-3 
-2 Log likelihoodstatistic: 6991,c=0.836 
*p<oos. **p<o.w1. 
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effect. Nevertheless, with the exception of the 
association "low weight for age or oedema," which 
marginally improved the sensitivity of weight for age 
alone, all these associations of risk factors had lower 
sensitivities than weight for age considered alone for 
the same level of specificity (fig 3). 
Discussion 
In this study changes in weight and weight for age 
differed less between children who died and those who 
survived than weight for age itself. Weight gain was 
higher in young children, who also had a higher 
mortality. A confounding effect of age may to some 
extent explain the poor performance of change in 
weight to predict the risk of dying compared with 
attained weight for age. Yet introducing age in the 
logistic regression models did not change the relation 
between weight change and risk of dying. Moreover, 
variation in weight for age, a nutritional indicator that 
may be considered to be independent of age, also failed 
to recognise children with a high risk of dying more 
efficiently than variation in weight. The lack of 
significant interaction between age category and 
weight loss suggested that the severity of weight loss 
was independent of age, certainly in the age range 
6-59 months. 
Similar conclusions were obtained in another study 
from Bangladesh comparing weight changes over three 
months and weight for age in estimating the risk of 
dying in the next year.'" Nevertheless, as a result of 
small sample she, that study could not use variations 
in weight to assess the risk of death over a shorter 
period. Recently in a study from Zaire the researchers 
also concluded that decelerations in growth were of 
limited predictive power as a screening instrument to 
recognise children with a high risk of dying." Yet 
the possible confounding effect of infections-and 
especially measles, which accounted for 52% of the 
deaths (8% in our study) and for the largest weight 
lossesz'-was not examined. Most likely the association 
between deceleration of growth and the risk of dying 
was overestimated in that study. 
The poor performance of changes in weight and 
variations in weight for age as iqdicators of impending 
death may be due to errors in measurement. Errors 
grow larger when measuring a difference between two 
measures, considerably increasing the coefficient of 
variation.'* All efforts were made in this study to 
minimise errors in measurement, yet in a previous 
study in Bangladesh a standardisation exercise with the 
same scales as used here showed that the standard 
deviation due to variations in measurement amounted 
to 180 g2l In other settings it has been shown that in 
children non-nutritional factors such as intake of food 
and water, micturition, and defecation may induce day 
to day variations in weight with a standard deviation of 
200 g.*3 In age groups with an average monthly weight 
gain of less than 200. g these variations are likely to 
induce considerable errors. Measuring weight gain 
over three months may reduce the relative error but 
introduces delay in recognising risk. 
If in this study the poor performance of changes 
in weight in detecting high risk children was due 
to variations in measurement then performance is 
bound to be even poorer in routine projects with less 
supervision of fieldworkers. The width of the 95% 
confidence interval of weight measurements in routine 
surveillance has been estimated to be often in excess of 
1 kg." In practice estimates of weight gain may be 
highly unreliable in primary health care projects. 
Diarrhoea was not associated with a significant 
risk of death (table III), which is atypical of poor 
communities. This may be explained by the intensive 
oral rehydration programme which took place in the 
' 
area during the study and by the referral of severe cases 
to the project physician or the nearby diarrhoea 
treatment facilities available from the International 
Centre for Diarrhoeal Disease Research, Bangladesh. 
This may have altered the relation between weight loss 
and risk of dying among children with diarrhoea, but 
excluding them from the analysis did not change the 
main conclusions. 
Oedema was associated with a high risk of dying 
even when other risk factors were taken into account. 
This is in agreement with another study from Bangla- 
deshIs and confirms the need to refer to a treatment 
facility any child with oedema found in the community. 
As oedema tends to mask recent weight loss, it may 
partly explain the poor performance of weight loss as 
compared with weight for age in assessing the risk of 
dying. The close value of the odds ratio of weight loss 
in logistic models with and without oedema (table IV), 
however, suggests that this effect is likely to be small. 
Changes in weight were associated with a risk of 
dying even when low weight for age and selected 
diseases were controlled for. This supports the usual 
paediatric practice of taking. into account recent 
weight change along with present weight for age and 
recent disease history when assessing the health of an 
individual child. 
Some screening schemes use either low weight for 
age or weight loss to identify high risk children: This 
approach increases the sensitivity of screening, which 
is an advantage provided that resources for treating or, 
referring children are not limited. This .approach, 
however, also decreases the specificity of screening 
compared with low weight for age considered alone. 
A highly significant interaction te& between low 
weight for age and weight loss in logistic regression 
models would indicate that this approach can give an 
interesting trade off between sensitivity and specificity. 
Our results, however, do not support this assumption 
and even suggest that such screening schemes have a 
lower sensitivity than weight for age alone for the same 
level of specificity. This is a serious disadvantage when 
resources are limited and only a small proportion of 
children can be helped. 
Our results also suggest that combining weight for 
age and weight loss can improve the assessment of the 
risk of dying if they are used together to calculate a risk 
index using the coefficients of a logistic regression 
model. We do not know, however, to what extent 
the models found in this study are applicable to 
other settings. Moreover, determination of these 
coefficients is difficult. This is unfortunate, as 
unadapted coefficients may make the screening 
based on two indicators less effective as well as more 
cumbersome than if based on the most valuable 
indicator alone. 
Mid-upper arm circumference may be used at the 
community level to give a rough estimate of nutritional 
state and is closely related to the risk of dying.>' 
Mid-upper arm circumference, however, is not precise 
enough to give a good assessment of growth and hence 
is usually not recommended for primary health care 
For identifying with a high bpkcificity 
children at a high risk of dying this argument may be 
irrelevant: considering present nutritional state leads 
to more efficient screening than considering recent 
growth. 
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